Objective: To test the hypothesis that milk drinking increases the risk of ischaemic heart disease (IHD) and ischaemic stroke in a prospective study. Design: In the Caerphilly Cohort Study dietary data, including milk consumption, were collected by a semiquantitative food frequency questionnaire in [1979][1980][1981][1982][1983]. The cohort has been followed for 20-24 y and incident IHD and stroke events identified. Subjects: A representative population sample in South Wales, of 2512 men, aged 45-59 y at recruitment. Main outcome measures: In total, 493 men had an IHD event and 185 an ischaemic stroke during follow-up. Results: After adjustment, the hazard ratio in men with a milk consumption of one pint (0.57 l) or more per day, relative to men who stated that they consumed no milk, is 0.71 (0.40-1.26) for IHD and 0.66 (0.24-1.81) for ischaemic stroke. At baseline, 606 men had had clinical or ECG evidence of vascular disease, and in these the vascular risk was even lower (0.37; 0.15-0.90). The hazard ratio for IHD and ischaemic stroke combined is 0.64 (0.39-1.06) in all men and 0.37 (0.15-0.90) in those who had had a prior vascular event. Conclusion: The data provide no convincing evidence that milk consumption is associated with an increase in vascular disease risk. Evidence from an overview of all published cohort studies on this topic should be informative. Sponsorship:
Introduction
Dietary advice which is given both to individual subjects, and to communities in the hope of reducing the risk of vascular disease, usually includes the reduction of dietary saturated fats. The sources of these fats include milk, and so it is usually advised that milk consumption is limited and a low-fat milk is used rather than whole milk (Committee on Medical Aspects of Food Policy, 1994; Naidoo & Willis, 1994) .
Advice to limit milk consumption is supported by the results of ecological studies, which show positive relationships between estimates of milk consumption by a community and vascular disease rates in that community (Segall, 1977) . Further support is derived from relationships between milk drinking and risk factors for vascular disease (Elwood, 2001) , and from the effects of short-term intervention studies of milk consumption on blood lipid levels (Roberts et al, 1982; Steinmetz et al, 1994) .
In ecological studies, however, it is not possible to take adequate account of possible confounding by lifestyle and other factors in the individual subjects. Evidence from studies of the relationship between milk and possible vascular disease mechanisms is somewhat confused and the results of short-term feeding studies are inconsistent (Barr et al, 2000; St Onge et al, 2000) . It would be unwise, therefore, to judge the overall effect of milk drinking on vascular disease from its effects in any such studies. Conclusions must be drawn from relationships with disease incidence within a representative population cohort of subjects.
A number of community-based prospective studies have been published and these are listed in an accompanying paper (Elwood et al, 2004) . In this paper, we report prospective evidence on milk drinking, ischaemic heart disease and ischaemic stroke in the Caerphilly Cohort Study of older men.
Methods
The Caerphilly cohort is a representative population sample of 2512 men born between 1920 and 1935 (The Caerphilly and Speedwell Collaborative Group, 1984 . Of the subjects in the original defined cohort, 88% agreed to co-operate. The men were seen first in 1979-1983 and they have subsequently been seen at 5-y intervals, that is they have been followed for 20-24 y. Details of the methods and reports on prediction of vascular disease by platelet, haemostatic, rheological, lipid and psychosocial factors have been reported elsewhere (Gallacher et al, 1999; Elwood et al, 2001a, b; Baker et al, 2002; Yarnell et al, 2001) .
Briefly, a detailed semiquantitative food frequency questionnaire (Fehily et al, 1988) was given to the men at the time of their first examination and they were asked to complete this with the help of their partner. This included questions about milk consumption in terms of: none; less than half a pint per day; between half and one pint per day and more than one pint per day. The questionnaire from each subject was carefully reviewed with a dietitian and further questions asked as necessary to ensure that the answers were complete and unambiguous. A 30% sample of the men were also asked to keep a 7-day weighed dietary intake record and data from these were used both to derive average portion sizes for use in the analysis of the questionnaires and to test the validity of the questionnaires (Fehily et al, 1987; Fehily & Hopkinson, 1993) .
Data were also collected at baseline in special clinics on a wide range of items including social class (based upon the most recent occupation, grouped into nonmanual and manual), current cigarette consumption (grouped at five levels: never smoked, ex-smoker, 0-4, 5-14, 15-24 and 25 þ cigarettes per day) and usual alcohol consumption (calculated as average cc/day). Height (m), measured on a staidiometer and weight (kg) on a beam balance were used to derive body mass index (BMI: weight over height 2 ). Blood pressure was measured at room temperature after a prolonged rest, using a random zero sphygmomanometer. Evidence on prevalent vascular disease, ischaemic heart disease and/or stroke, including a 12-lead ECG, was recorded. Samples of fasting blood were taken for estimation of platelet (Elwood et al, 2001a) , haemostatic (Baker et al, 2002) , rheological (Elwood et al, 2001b) , lipids (Yarnell et al, 2001) , psychosocial (Gallacher et al, 1999) and other factors of possible relevance to vascular disease.
At approximately 5-y intervals thereafter, the men were questioned and ECGs repeated in order to identify possible incident vascular events as completely as possible. Clinical details of each possible event were collected from the men, from their general practitioner and hospital records. Standard diagnostic criteria were applied (Bainton et al, 1988; Greenwood et al, 2001 ) to identify new ischaemic heart disease events (deaths attributed to ischaemic heart disease plus nonfatal myocardial infarction: 121-5 ICD 10th Revision) and ischaemic strokes (163-4 ICD). Incident events up to and including the year 2000 have been included in this report.
Statistics
Cox proportional hazards model was used to estimate ratios of ischaemic heart disease events (myocardial infarction or ischaemic heart disease death) and ischaemic strokes (fatal or nonfatal) between subgroups of subjects defined by reported milk consumption at baseline. Hazard ratios, which estimate risk, taking account of time, were derived with adjustment for the possible effects of confounding by lifestyle and other factors. The choice of possible confounding factors for which adjustment was made was based upon our understanding of the mechanisms likely to be involved in the relationships examined. They are listed below in the tables that follow.
Results
During 20-24 y follow-up was ascertained for 2403 (96%) of the men ever enlisted into the cohort. There were 439 incident IHD events (235 fatal and 258 nonfatal), and 185 ischaemic strokes (46 fatal and 139 nonfatal). In all, 811 men died during the follow-up.
The reliability of the questions about milk consumption was examined in detail. The questionnaire asked only about the consumption of liquid milk, and not about milk used in food preparation. Nevertheless, 7-day records kept by 665 of the men recorded all milk consumed from any identifiable source and the correlation ('r') between estimates from these and those from the questionnaires was 0.61 (Po0.001). It was not possible to take account of milk that may have been present in special breads and other manufactured food items. Table 1 shows that differences in factors of relevance to vascular disease between subgroups of men, defined by the amount of milk consumed, are relatively small. Compared with the men who drank no milk, those who stated that they drank milk were very slightly younger, rather more of them were cigarette smokers and their consumption of alcohol was slightly lower. A higher calorie intake by the milk drinkers suggests that they were more active, and their slightly higher intakes of fat and protein suggest that they were perhaps more health conscious than the men who drank no milk. There were very small differences in blood pressure, but the fasting lipid levels, and the mean homocysteine levels, were very similar across the groups.
It is difficult to judge the overall relevance of these differences to vascular disease risk, as some suggest a favourable association with milk drinking, but others, such as heavier smoking, less alcohol and higher fat consumption are certainly unfavourable. An important finding is the absence of differences in lipid levels. Nevertheless, statistical adjustments were made in the analyses that follow for lipids and a wide range of other possible confounding factors. Table 2 shows the numbers of ischaemic heart disease events that occurred during follow-up, and estimated hazard ratios for an ischaemic heart disease event in groups defined by milk consumption. Incident data are shown both for the total cohort and for men who, at baseline, had had questionnaire or ECG evidence of a previous myocardial infarct, or stroke. There is no evidence suggestive of any increase in risk in the men who had had the highest consumption of milk. Although the data suggest a lower risk in the men with the highest consumption of milk at baseline, there is some attenuation of effect on further adjustments for confounding, but there is no suggestion of any increased risk from milk drinking. Table 3 shows the same data for ischaemic stroke. Again, there is no evidence of any increase in risk and a suggestion that ischaemic stroke incidence may have been lower in the men with the greatest consumption of milk. Numbers of events are, however, small and neither is the trend significant, nor does any individual difference in hazard ratios differ significantly from unity once adjustments have been made for possible confounding. Table 4 shows the numbers of men who experienced an incident ischaemic event, either heart disease or stroke. The evidence is suggestive of a possible reduced risk, greatest in the men who drank the most milk. After adjustments for confounding, the risk in the total cohort is 0.64 (0.39-1.06) and 0.37 (0.15-0.90) in the men who, at baseline, had had evidence of a vascular disease.
Finally, Table 5 shows all-cause mortality in the cohort during the 23 y of follow-up. There is no convincing evidence of any association with milk consumption. Had the associations shown with milk consumption in Tables 2-4 been due to confounding, then one would expect a similar pattern with total mortality. The absence of any association suggests, therefore, that there is no serious residual confounding of the relationships between milk consumption and either ischaemic heart disease or ischaemic stroke.
Discussion
Whole milk contains around 4% total fat and 2.4% of saturated fat by weight. In an average diet, however, milk makes a relatively small contribution to the total fat intake. At baseline, the men in the present cohort who drank milk obtained on average about 11% of their total fat, and about 18% of their saturated fat intake from milk. There is, however, no evidence that the risk of either ischaemic heart disease events, or ischaemic stroke, is related to milk consumption, either within the total cohort, or in the men who had already had a vascular event at baseline.
The data on lipid levels (Table 1) show only trivial differences between men grouped by their milk consumption. This is consistent with the findings in many other cohort studies (Ness et al, 2001; Abbott et al, 1996 ; Iso et al, et al, 1992) . Blood pressure, on the other hand, is slightly lower in subjects who reported drinking milk (Table 1) and again this effect has been shown consistently in both observational and intervention studies (Ackley et al, 1983; Pryer et al, 1995) . There is evidence that it is the calcium in milk and dairy products that is responsible for this effect (Hajjar et al, 2003) , and although small, the effect upon vascular disease within a community could be considerable (Jorde & Bonna, 2001) . It is, however, impossible to judge the likely overall effect of milk consumption on vascular disease from effects on risk factors. Conclusions must be drawn from relationships with disease incidence. The present study is based upon a representative population sample with a high compliance rate and intensive and repeated efforts were made to identify vascular events as completely as possible. This last applies both to prevalent Table 2 Hazard ratios for fatal and nonfatal ischaemic heart disease in all the men and in men with evidence of prior heart disease or stroke at baseline 1=Hazard ratios adjusted for age and for total energy intake. 2=Hazard ratios adjusted for age, total energy, smoking, social class, BMI, systolic blood pressure, consumption of alcohol and fat, plus, for all men, prior vascular disease. Table 3 Hazard ratios for fatal and nonfatal ischaemic stroke in all the men and in men with evidence of prior heart disease or stroke at baseline 1=Hazard ratios adjusted for age and for total energy intake. 2=Hazard ratios adjusted for age, energy, smoking, social class, BMI, systolic blood pressure, consumption of alcohol and fat, plus, for all men, prior vascular disease.
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disease at baseline, and incident disease events during the 20-24 y of follow-up. We judge, therefore, that the results we have presented are likely to be representative of associations in the general population. The study has, however, a number of limitations. First, the estimates of milk intake used in the analyses were derived from a semiquantitative food frequency questionnaire. In the interpretation of this, however, portion sizes were derived from 7-day weighed intake records kept in the cohort (Fehily et al, 1987; Fehily & Hopkinson, 1993) . Moreover, the correlation between milk consumption as recorded in the 7-day weighed intake records provided by a subsample of 665 of the men, and as stated by those men in their questionnaires at baseline, was high (0.61; Po0.001).
An important omission in our data is whether the milk drunk by the men was whole, or fat reduced. According to the dairy company which is the main distributor of milk to the Caerphilly area, fat-reduced milks were introduced in 1982, and by 2000 about 8% of the milk distributed was skimmed, about 50% semiskimmed and about 42% whole milk. In 2002, we contacted a random sample of 167 survivors in the Caerphilly Cohort. Just under half of those who had had a vascular event, and just over half of the other men said that they now drink fat-reduced milk. The average time, when they said they had changed from full-fat milk, was 12 y ago. This means that for the major duration of the follow-up of this cohort, most of the milk being drunk was probably whole milk. 1=Hazard ratios adjusted for age and for total energy intake. 2=Hazard ratios adjusted for age, energy, smoking, social class, energy, BMI, systolic blood pressure, consumption of alcohol and fat, and prior vascular disease.
There are differences in the lifestyle, and in the general nutrition of the men in the different milk drinking groups in the present cohort (Table 1) . The few other studies, which give such data, show similar differences. Differences in some, but not all the factors we examined favour the men who drank the most milk with respect to vascular risk. However, the differences are small, and once adjustments were made for age and total energy intake, there were only very small further changes in the hazard ratios when other possible confounding factors were adjusted for (Tables 2-5) . While it could be that if account was taken of yet further, as yet unknown, confounding factor(s) the gradients in the data could be reduced, but it seems highly unlikely that they could be reversed.
The evidence relating to men who had already had a vascular event is of interest, and it is unfortunate that no other study seems to have reported disease incidence in such men. Presumably, many of these men would have been advised to reduce their milk intake and/or to change to a low-fat milk. The evidence we have given above suggests, however, that they complied poorly with any such advice and the proportion of men with a vascular event who had changed to fat-reduced milk was no different to that in men who had had no vascular event.
This study is observational, and suffers from the limitations of all such studies. On the other hand, it is unlikely that an intervention study of drinking either no milk, or a fat-reduced milk, of adequate size and duration and with a sufficiently high level of compliance by subjects could ever be performed. Conclusions will, therefore, have to be based upon observational data. Results from nine other large cohort studies have been published and an overview of these, together with the present study, is presented in an accompanying paper (Elwood et al, 2003) .
